Gap junction structure and cell-to-cell coupling regulation: is there a calmodulin involvement?
In most tissues neighboring cells communicate directly with each other by exchanging ions and small metabolites via cell-to-cell channels located at the intermembrane particles of gap junctions. Evidence indicates that the channels close when the [Ca2+]i or [H+]i increases. The channel occlusion (cell-to-cell uncoupling) is mainly a safety device by which cells can isolate themselves from damaged neighboring cells ("healing-over" process). Despite our knowledge of uncoupling agents, the uncoupling mechanism is still poorly understood. Uncoupling treatments have been shown to cause structural changes in gap junctions, characterized by an increase in tightness and regularity (crystallization) of particle packing and a decrease in particle size. Recently these changes have been shown to be induced by Ca2+ or H+ in isolated lens junctions and by Ca2+ in liver junctions, which suggests a close relationship between structural changes and uncoupling, but preliminary studies indicate that the junctional changes may not be synchronous with uncoupling but may lag behind it. However, recent X-ray diffraction data show that the channels of crystalline gap junctions (typical of uncoupled cells) are indeed closed, because they are inaccessible to sucrose (a gap junction permeant). Thus it seems that crystalline junctions are indeed in a non-permeable state, but the occlusion of the channels may precede the crystallization process. In the lens, junction crystallization is inhibited by a calmodulin (CaM) inhibitor, trifluoperazine (TFP). Is CaM involved in the uncoupling mechanism? To test this hypothesis, TFP and calmidazolium (CDZ), the most specific CaM inhibitor, were used on amphibian embryonic cells electrically uncoupled by CO2. Both TFP and CDZ effectively protect the cells from uncoupling, which suggests that CaM participates in the process. As a hypothesis, we propose that channel occlusion follows a CaM-mediated conformational change in the junctional protein. Particle crystallization may follow the conformational changes and result from a modification in electrostatic repulsion among the particles.